THE presence of an unidentified base in the mother-liquors after the isolation of spermine phosphate from tissue extracts was originally observed by M. C. Rosenheim and 0. Rosenheim during their early work on spermine and has already been reported [Dudley, Rosenheim and Rosenheim, 1924] .
The material employed in the present investigation was isolated by this procedure during the large scale preparation from ox pancreas of the spermine used in our recently published work on the constitution of the latter base [Dudley and Rosenheim, 1925; Dudley, Rosenheim and Starling, 1926] . The yield of spermidine phosphate is extremely small, being only one-tenth of that of spermine phosphate, namely about 2 g. from 100 kg. pancreas. Only 10 g. of spermidine phosphate were available but, aided by our recently acquired knowledge of the constitution of spermine, we were able to arrive at a probable constitutional formula for the base, and then to prove its correctness by synthesis.
The properties of spermidine are very similar to those of spermine. This is demonstrated in a general way by the fact that it accompanies spermine through all the stages of isolation from tissue extracts by the three methods already described [Dudley, Rosenheim and Rosenheim, 1924] . Like spermine it gives a pyrrole 'reaction, it appears in the lysine fraction on applying the method of Kossel and Kutscher, its phosphotungstate is insoluble in acetone, it is optically inactive, it does not reduce permanganate in faintly acid solution and it yields the characteristic semen-like odour when a solution of its chloroaurate is treated with magnesium.
Analyses of its salts gave figures very close to those of the corresponding salts of spermine but indicated that the ratio of carbon to nitrogen in spermidine is lower than in spermine. The molecular weight of the m-nitrobenzoyl derivative of the base, considered in conjunction with the analyses, established the molecular formula of spermidine as C7H19N3. In view of the striking similarity between spermidine and spermine it was considered probable, therefore, that spermidine might be a-(y '- This salt was prepared by adding excess of sodium picrate solution to a solution of spermidine phosphate. The picrate, which is sparingly soluble in water, when recrystallised from this solvent is obtained as lemon-yellow needles. Under the microscope these are seen to be composed of long thin laminated plates. Under certain conditions of concentration and rate of cooling the crystals formed are broader, being composed of the same thin laminae fused together and appearing to the naked eye as thin plates. Spermidine picrate melts at 210-12°to an oily liquid which almost immediately decomposes and froths slowly up the tube. To 0-15 g. spermidine hydrochloride, dissolved in 6 cc. N NaOH, 0 9 cc. molten m-nitrobenzoyl chloride was added and the mixture was vigorously stirred in a small beaker. As soon as the reaction of the liquid became nearly neutral 2 cc. N NaOH were added and this addition was repeated as necessary.
A sticky white mass was formed which slowly became more solid. When the substance became plastic it was pressed out to a thin cake, the motherliquor was poured off and 2 cc. N NaOH were added. After standing overnight the crude m-nitrobenzoyl derivative had become friable and was broken up to a powder, filtered off and washed with water: yield (air-dried) 0-336 g.
It was suspended in 20 cc. absolute alcohol. When warmed on the waterbath the solid melted to an oil which then slowly dissolved. To the filtered solution 20 cc. water were added, the turbid solution was warmed until clear and set aside for a day. The m-nitrobenzoyl derivative had then crystallised in aggregates of thick needles. These were filtered off and washed with 50 % alcohol: yield (air-dried) 0-298 g. The substance melted at 1020 to a turbid liquid which slowly frothed up the tube without charring at higher temperatures. On recrystallising under the same conditions it behaved in the same manner and the melting-point was unchanged. It was then dried in a vacuum desiccator over H2SO4. On warming the substance (0.28 g.) with 25 cc. absolute alcohol the oil which formed at first rapidly changed to a white solid which went very slowly into solution. From this solution, after standing overnight, the substance crystallised in balls of radiating needles. These were collected and again recrystallised from 20 cc. absolute alcohol. On heating the substance with alcohol it no longer formed an oil but remained solid and dissolved very slowly. 0-2155 g. was obtained which melted at 148-50°. In all probability the low-melting product originally obtained was a hydrate. This substance was isolated as a by-product from the preparation of a: 8-bis(y'-phenoxypropylamino)-butane hydrobromide used in the synthesis of spermine [Dudley, Rosenheim and Starling, 1926] . The mother-liquor from the recrystallisation of the latter substance was concentrated and, after adding alcohol, was poured into 10 volumes of ether. The white crystalline precipitate (5.8 g.) was recrystallised from 96 % alcohol, separating in thin rectangular plates, M.P. 271-3°.
Analysis. 0*1950 g. gave 0 1896 g. AgBr.
0-3648 g. gave NH,=19-6 cc. N/10 112804 (Kjeldahl) Found: Br, 41-38 %; N, 7-52 % Calc. for C13,,Hu0N2Br.: Br, 41-67 %; N, 7 30 % a-(y'-Bromopropylamino)-8-aminobutane hydrobromide.
4*6 g. of the above phenoxy-compound were heated in a sealed tube at 1000 for 12 hours with 25 cc. HBr solution (Sp. G. 1.7). On shaking the clear solution with ether to remove phenol a crystalline substance was precipitated; this was filtered off and washed with alcohol and ether. After three recrystallisations from absolute alcohol 2-4 g. of prismatic needles were obtained: M.P. 234-50, which proved to be the required substance.
Analy8is. 0-0664 g. gave 0 1014 g. AgBr.
Found: Br, 64-97 % Calc. for C7H,9N,Br.: Br, 64-69 % a-(y'-Aminopropylamino)-8-aminobutane picrate (synthetic spermidine picrate). 1-5 g. of the above bromo-compound were heated in a sealed tube at 1000
for 41 hours with 19-4 g. of an alcoholic solution of ammonia (16 % by weight).
The reaction mixture was then evaporated in vacuo. The white solid remaining was dissolved in water, potassium hydroxide was added to give a concen- As the problem of identifying minute amounts of spermidine may arise in the future a few remarks in this connection may not be out of place. In extracts of animal tissues the base will usually be found in association with spermine. The only feasible way of separating these two substances is to convert them into phosphates and then to remove the very insoluble spermine salt. It is essential to separate the two bases completely in this way before preparing the picrates, since it appears to be impossible to separate the two picrates by recrystallisation. There is a characteristic difference between the melting-points of the picrates: that of spermidine forms an oil at 210-12°w hich decomposes almost immediately, whilst that of spermine gradually darkens until it becomes black, softening and decomposing at 248-50o without first melting. The m-nitrobenzoyl derivative of spermidine is valuable for identification of the base since a molecular weight determination by Rast's method [1923] requires no more material than is used in an ordinary meltingpoint determination and since there is a considerable difference between the molecular weights of the corresponding derivatives of spermine and spermidine. The preparation and analysis of a chloroaurate is not decisive on account of the very slight differences in melting-point and gold content of these salts of the two bases.
It was pointed out in our communication on the structure of spermine [Dudley, Rosenheim and Starling, 1926 ] that this base is the first example of a naturally occurring compound of the type NH2. R . NH. R' . NH. R. NH2 and at the same time the first derivative of trimethylenediamine definitely identified among natural products. It is interesting to find the trimethylenediamino-group in a second naturally occurring base, spermidine, which is the first example found in nature of the closely related type NH2.R.NH.R'.NH2. It seems reasonable to suspect that trimethylenediamine itself may be detected among the bases extracted from fresh tissues; in this connection the fact may be recalled that tetramethylenediamine has already been definitely identified in the mother-liquors after the isolation of spermine from yeast [Dudley, Rosenheim and Rosenheim, 1924] .
It is hardly necessary to state that the chemical procedures incidental to the isolation of spermine and spermidine cannot have produced artificially the latter from the former. The two bases undoubtedly exist together in animal tissues, and their close chemical relationship strongly suggests that they may be metabolically related.
SUMMARY.
1. A hitherto undescribed base, having the molecular formula C7HL9N3, has been isolated from extracts of animal tissues.
2. In occurrence and constitution it is allied to spermine and has therefore been given the name spermidine.
